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Striped  bass  restoration  in  Virginia  1ms  been  a  success  story  of  fisheries  man- 
agement. Read  the  details  of  this  effort  beginning  on  page  16;  photo  by 
Dwight  Dyke. 
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Cover:  Commercial  waterman  Ryland  Hazelwood  is  part  of  a  state  and 
federal  sliad  restocking  effort  on  the  fames  and  Pamunkey  Rivers;  photo 
by  Dwight  Dyke. 

Back  cover:  A  notch  in  Williams  Darn  on  the  fames  River  in  Rich- 
mond was  completed  in  1 993  to  allow  shad  and  herring  to  migrate  up- 
river.  Tlie  last  barrier  to  these  fish  for  the  next  143  miles  is  Bosher's 
Dam,  but  it  shouldn  't  be  for  long.  Afishway  is  scheduled  for  comple- 
tion there  this  year;  photo  by  Michael  R.  McCormack. 
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The  Promise  of  Spring 

Anadromous  Jish  Restoration  in  Virginia 


l"  aced  with  a  steadily  declin- 
/  ing  population  of  American 
^/  shad  since  the  1970's,  Vir- 
ginia imposed  an  inland  harvest 
moratorium  on  shad  in  1994.  This 
ban  brought  to  an  end  the  rich  and 
deep  traditions  both  the  commercial 
watermen  and  sport  fishermen  of 
the  state  had  enjoyed  for  centuries. 
In  its  wake,  it  caused  a  great  eco- 
nomic hardship  to  the  state's  inland 
watermen,  who  depend  on  a  bounti- 
ful shad  harvest  each  spring  to  offset 
the  lean  winter  months. 

Is  it  too  little  too  late?  Can  com- 
mercial fishermen  once  again  de- 
pend on  spring  spawning  runs  of 
shad  for  financial  support?  Will  an- 
glers once  again  have  the  opportuni- 
ty to  catch  the  fish  known  as  the 
"poor  man's  tarpon?" 


It  has  taken  a  long  time 
to  decimate  the  American 
shad  populations  of  the  East 
Coast,  and  it  will  take  years, 
perhaps  decades,  to  rejuve- 
nate them.  In  this  issue,  we 
take  you  on  a  journey 
through  the  cooperative  ef- 
forts that  have  been  made  to 
restore  anadromous  fish 
populations  in  our  state. 

Collectively,  as  public 
agencies  and  private  orga- 
nizations and  individuals, 
we  have  celebrated  many 
successes  as  the  result  of 
these  efforts.  Striped  bass 
restoration,  in  particular, 
has  been  a  triumph  of  sci- 
ence and  sacrifice,  hope  and 
persistence. 
We  now  direct  our  energies  to 
bringing  back  the  American  shad, 
the  blueback  herring,  the  alewife, 
and  the  other  anadromous  fishes  of 
our  waters.  Again,  this  will  be  a 
monumental  effort,  taxing  the  com- 
mitment, cooperation,  and  cold, 
hard  cash  of  even  our  most  loyal 
supporters. 

Nevertheless,  we  are  standing 
firm  as  we  wait  for  the  spring,  cer- 
tain that  this  year  will  be  better  than 
the  last  for  those  silvery  fish  return- 
ing to  the  rivers  of  their  birth, 
promising  to  bring  life  again  to  our 
waters.  We  stand  prepared  to  greet 
them — with  the  best  we  have  to 
offer. 


—Tom  Gnnter,  VDGIF 
American  Shad  Restoration  Coordinator 
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Back  to  the  Future? 

A  "Tale  of  Shad  in  Virginia 
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Above:  Native  Americans  were  adept  at  harvesting  shad  and  the  other 
anadromous  fishes  of  Virginia.  In  fact,  they  had  to  teach  the  colonists  how  to 
do  it!  Right:  By  1874,  Virginians  had  become  skilled  in  reaping  the  benefits 
of  their  shad  fishery  in  the  James  River.  Photos  courtesy  of  the  Library  of 
Virginia. 


(gone  today,  here 
tomorrow?  Researchers, 
fishery  managers,  and 

commercial  and 
sportfishermen  are  ail 
crossing  their  fingers 
that  we  can  bring 
i- 1  ^K  these  silvery 

ocean  fish  back 
to  oar  waters. 


" ...shad  are  in  such  prodigious 
numbers  that  one  day  within  the  I 

space  of  two  miles  only,  some 
gentlemen  in  canoes  caught  above 
six  hundred... with  hooks  which  they 
let  down  to  the  bottom  and  drew  up  at  a 
venture  when  they  perceived  them  to  rub 
against  a  fish;  and. ..five  thousand  have 
been  caught  at  one  single  haul  of  the 
seine. " 
— Andrew  Burnaby,an  English  traveler  in  1759 
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American  shad;  illustration  by  Duane  Raver 


by  Dr.  GregC.  Garman 


/  o  the  indigenous  peoples 
/  of  Virginia,  the  annual  re- 
V—  turn  of  the  large,  silvery 
fish  called  ta-tam-a-ho  to  every  river 
and  stream  marked  the  end  of  win- 
ter's hardships  and  deprivations. 
Weirs  made  or  sticks  and  reeds  con- 
centrated the  fish  at  shallow  places, 
where  they  were  caught  using  large 
nets.  In  deeper  waters,  light  from 
canoe-borne  fires  attracted  fish  to 
waiting  spears.  So  that  next  year's 
bounty  might  be  assured,  Native 


American  anglers  cast  their  wealth, 
in  the  form  of  powdered  tobacco, 
onto  the  waters  following  each  suc- 
cessful catch. 

Anecdotal  accounts  and  archeo- 
logical  excavations  of  prehistoric 
sites  near  the  headwaters  of  the 
James  River  at  Eagle  Rock  provide 
evidence  that  the  species  we  now 
know  as  American  shad  once  mi- 
grated far  up  Virginia's  rivers  and 
streams.  Prior  to  the  riverine  leg  of 
their  journey,  these  fish  spent  sever- 


al years  feeding  and  growing  in 
northern  oceans,  and  it  is  to  these 
same  oceans  that  their  progeny, 
spawned  within  Virginia's  water- 
ways, still  travel.  In  a  very  real  sense, 
then,  the  American  shad  unites  fa- 
miliar and  accessible  freshwater  en- 
vironments with  the  remote  oceans 
beyond  our  coastline. 

Early  European  colonists  to  Vir- 
ginia marvelled  at  the  numbers  of 
migratory  American  shad  and  its 
smaller  cousins,  the  hickory  shad, 
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alewife  and  blueback  herring.  In 
1613,  Alexander  Whitaker  wrote: 
"TJie  rivers  abound  with  fish  both  small 
and  great.  The  sea-fish  come  into  our 
rivers  in  March... great  schools  of  her- 
ring come  in  first;  shads  of  a  great  big- 
ness follow  them." 

The  early  fishery  to  exploit  the 
abundance  of  shad  and  herring  de- 
veloped slowly,  due  to  a  lack  of  fish- 
ing expertise.  So  poor  were  the 
colonists'  abilities  that,  during  the 
early  1600's,  Indians  were  granted 
residence  within  European  settle- 
ments on  the  condition  that  they  en- 
gaged in  fishing  for  the  benefit  of  the 
community. 

However,  the  innovation  of  haul 
seines  in  the  mid-18th  century  great- 
ly improved  the  harvest  of  migrato- 
ry fishes  from  Virginia  coastal  wa- 
ters. Virginia  farmers,  whether  own- 
ers of  great  plantations  or  small 
farms,  frequently  relied  on  profits 
from  shad  and  herring  fishing  to  off- 
set poor  yields  in  field  crops.  Gener- 
al George  Washington,  in  a  move 
that  would  surely  make  tabloid 
headlines  today,  awarded  himself 
the  government  contract  to  provide 


Shad  planking  (above)  has  been  an  old  Virginia  custom  for  years.  The  fish  are  split,  nailed  to  cedar 
planks  and  then  laid  across  a  fire,  teepee  style.  The  famous  shad  planking  in  Wakefield,  Virginia  is  a 
yearly  tradition,  and  dear  to  the  hearts  of  politicians  who  travel  from  all  over  the  state  to  attend  the 
event.  Last  year,  however,  Virginia  was  forced  to  import  shad  from  other  states  to  supply  the  Wakefield 
event,  a  telling  sign  of  a  fishery  in  trouble. 


the  Continental  Army  with  1 .5  mil- 
lion salt-cured  shad  and  herring,  at  a 
personal  profit  of  £400. 

The  bounty  was  so  great  that  a 
single  day  of  seining  at  Mount  Ver- 
non during  April  of  1777  collected 


one-half  million  fish  from  the  Po- 
tomac River,  many  of  which  were  al- 
lowed to  rot  on  the  riverbank  for 
lack  of  salt.  Such  wasteful  practices 
were  commonplace  during  these 
times  of  plenty.  Ironically,  the  scarci- 
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ShadlHerr'mg  Life  Cycle 

Adult  shad  avid  herring  migrate  to  freshwater  rivers  in  the  spring  to  spawn,  then 

return  to  the  ocean,  juveniles  use  rivers  and  estuarine  waters  as  nursery  areas  in  the 

summer,  moving  out  to  the  ocean  in  the  fall  to  join  adults.  They  stag  in  the  near-shore 

ocean  waters  until  sexual  maturity  at 3-5  gears. 
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ty  of  salt,  which  is  today  a  cheap  and 
widely  available  commodity,  may 
have  contributed  to  the  decline  of 
this  historically  abundant  and  valu- 
able fishery  resource. 

American  shad  may  have  also 
played  a  pivotal  role  in  the  War  Be- 
tween the  States.  Several  contempo- 
rary sources  blamed  the  Confeder- 
ate loss  at  Five  Forks  on  General 
Pickett's  lack  of  attention  to  advanc- 
ing Union  troops,  as  he  was  distract- 
ed by  a  lunch  of  "...brandy  and 
some  fine  shad... caught  two  days 
before  in  the  Nottoway."  In  an  1889 
letter  to  Thomas  Munford,  Jefferson 
Davis  wrote:  ". .  .it  is  hardly  exagger- 
ated when  you  speak  of  that  fatal 
lunch  as  the  ruin  of  the  Confedera- 
cy." 

American  shad  still  play  a  sym- 
bolic role  in  Virginia  politics  as  the 
featured  fare  at  the  Wakefield  Shad 
Planking,  although  in  1993  the  fish 
were  so  scarce  in  our  waters  that 
they  had  to  be  imported  from  neigh- 
boring states. 

The  economic  importance  of  the 
shad  fishery  in  Virginia  waters  in- 
creased dramatically  throughout 


the  1800's,  and  peaked  at  the  begin- 
ning of  this  century  with  annual 
catches  of  8  million  pounds  from  the 
Chesapeake  Bay.  At  the  same  time, 
however,  the  construction  of  numer- 
ous large  dams,  beginning  with 
Bosher's  Dam  built  on  the  James 
River  in  Richmond  in  1823,  barred 
migratory  fishes  from  upstream 
spawning  habitats  in  the  James, 
Rappahannock  and  Potomac 
Rivers,  and  significantly  reduced 
the  number  of  fish  that  returned 
each  spring. 

During  the  latter  half  of  the  20th 
century,  pollution  and  exploitation 
by  a  new  and  efficient  offshore  fish- 
ery took  an  additional  toll,  reducing 
populations  to  a  fraction  of  their  his- 
torical levels.  Recent  biological  sur- 
veys of  the  lower  James  River  be- 
tween Hopewell  and  Richmond 
have  collected  very  few  American 
shad,  and  even  lower  numbers  of 
the  smaller  hickory  shad,  which 
may  soon  disappear  altogether  from 
the  James  River  and  its  major  tribu- 
taries. 

Inputs  of  toxic  pollutants  to  Vir- 
ginia rivers  have  diminished  since 


the  mid-1970's,  but  overfishing  and 
barriers  to  upstream  movements 
continue  to  be  serious  problems.  So 
serious,  in  fact,  are  they,  that  most 
fisheries  biologists  consider  the  pre- 
sent status  of  the  American  shad  in 
Virginia  far  more  precarious  than 
that  of  the  striped  bass  at  any  time 
during  the  past  two  decades,  when 
extensive  restoration  efforts  for 
"rockfish"  were  initiated  through- 
out the  Chesapeake  Bay. 

Shads  and  herrings  (collectively 
termed  "clupeid"  fishes  by  fisheries 
scientists)  may  have  also  played  sig- 
nificant ecological  roles  in  coastal 
ecosystems,  in  addition  to  their  eco- 
nomic and  social  value.  Recently 
published  findings  by  researchers  at 
Virginia  Commonwealth  University 
(VCU)  and  the  University  of  Vir- 
ginia suggest  that  carcasses  of  mi- 
gratory clupeid  fish,  many  of  which 
die  shortly  after  spawning,  and 
countless  numbers  of  their  eggs, 
represent  an  annual  subsidy  of  ma- 
rine-derived nutrients  and  energy 
for  Virginia's  streams,  marshes,  and 
rivers.  In  addition,  the  smaller 
alewife  and  blueback  herring  run  a 


Spring  Migration  Routes 


Scientists  use  the  term  "anadromous"  to  describe  fish  zuhose 
migration  routes  take  adults  from  far-flung  oceans  into 
freshwater  rivers  or  streams,  and  possibly  back  again. 
Following  departure  from  Atlantic  coastal  rivers  during 
their  first  year,  American  shad  typically  remain  at  sea  for  4-5 
years  before  returning  to  the  stream  of  their  birth  to  spawn. 
In  Virginia  waters,  a  small  percentage  of  adults  may  return 
two  or  three  times  to  reproduce,  unlike  anadromous  Pacific 
salmon,  which  all  die  after  spaiomng. 
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VDGIF  biologists  are  attempting  to  jump  start  the  American  shad  recovery  efforts  by  spawning  brood  fish,  hatching  their  eggs,  and  stocking  21-day-old  fry  in 
our  rivers.  Above,  hatchery  employees  place  egg  jars  in  200-  gallon  circular  tanks  where  newly  hatched  shad  will  spend  the  next  21  days. 


gauntlet  of  freshwater  predators,  in- 
cluding large  catfishes,  largemouth 
bass,  and  longnose  gar,  as  they  as- 
cend their  natal  streams  to  repro- 
duce. 

During  spring  months,  returning 
migrants  may  contribute  a  substan- 
cial  percentage  of  the  predators' 
diets.  Compared  to  historical  levels, 
however,  current  numbers  of 
spawning  clupeid  fish  provide  sci- 
entists with  only  a  vague  hint  of 
these  potentially  important  ecologi- 
cal relationships  that  link  inland  and 
offshore  environments. 

The  potential  economic,  recre- 
ational and  ecological  values  of 
American  shad  and  related  species 
provide  a  compelling  argument  for 
their  restoration  in  Virginia  waters. 
Work  is  now  underway  to  bring 
these  fish  back  to  their  historic  levels 
through  a  variety  of  strategies,  in- 
cluding: strict  regulation  of  offshore 
(intercept)  fisheries,  stocking  hatch- 
ery-reared juveniles,  construction  of 


fish  passage  facilities  through  dams, 
and  increasing  the  number  of  adult 
fish  allowed  to  enter  Chesapeake 
Bay  tributaries  each  year  to  spawn. 

The  restoration  of  these  species  to 
the  nontidal  James  River  began  in 
early  1989  with  the  breaching  of  the 
first  two  Richmond  dams,  and  was 
accomplished  with  the  cooperation 
of  many  state  and  federal  agencies, 
including  the  Virginia  Department 
of  Game  and  Inland  Fisheries 
(VDGIF)  and  the  U.S.  Fish  and 
Wildlife  Service.  Recently,  a  fish  pas- 
sage "notch"  in  William's  Dam  was 
also  completed.  Studies  by  VCU  and 
VDGIF  have  shown  that  these  facili- 
ties are  now  able  to  pass  American 
shad,  and  the  species  may  now  trav- 
el upstream  to  Bosher's  Dam,  the 
last  of  the  Richmond  barriers  to  be 
eliminated 

Other  recent  initiatives  include 
the  reintroduction  of  several  million 
American  shad  fry  into  the  nontidal 
James  River,  construction  of  the 


South's  first  shad  rearing  facility  in 
Stevensville,  Virginia,  and  studies  of 
the  ecological  interactions  between 
resident  and  migratory  fishes.  In 
spite  of  these  hopeful  beginnings,  a 
long-term  research  and  manage- 
ment effort  will  be  required  if  the 
James  River  is  to  join  a  growing 
number  of  large  eastern  rivers,  in- 
cluding the  Susquehanna  and  Con- 
necticut, that  are  now  reaping  the 
benefits  of  American  shad  restora- 
tion programs. 

As  the  Native  Americans  were 
willing  to  do  centuries  ago,  it  is  now 
time  for  us  to  "cast  our  wealth  upon 
the  waters,"  in  the  hope  that  ta-tam- 
a-ho  will  return  and  thrive  within  the 
Commonwealth's  waterways.    □ 

Dr.  Greg  C.  Gorman  is  an  associate  pro- 
fessor of  biology  at  Virginia  Common- 
ivealth  University.  He  and  his  graduate 
students  are  working  closely  with  VDGIF 
to  restore  American  shad  to  Virginia 
waters. 
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A  Second  Chance  for  the  Y$ay\ 
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by  Price  Smith 
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he  Chesapeake  Bay  was 
once  the  most  productive 
estuary  in  the  world,  sup- 
porting abundant  stocks  of  fish, 
shellfish,  and  waterfowl.  Its  tribu- 
taries provided  abundant  nutrients, 
and  its  long  convoluted  shoreline 
and  shallow  water  provided  safe 
breeding  and  nursery  areas  for  a  cor- 
nucopia of  wildlife. 

But  the  Bay  has  suffered  for  over 
200  years.  Increased  human  popula- 
tion, the  construction  of  dams,  over- 
fishing, and  excessive  pollution 
have  all  taken  their  toll  on  the  pro- 
ductivity of  what  was  once  fondly 
referred  to  as  the  "Crown  Prince  of 
Bays." 


Anadromous  fishes  in  particular 
have  suffered.  At  the  turn  of  the  cen- 
tury, the  annual  harvest  of  shad  to- 
talled over  11  million  pounds. 
Today,  less  than  1  million  pounds 
are  harvested. 

In  the  10-year  period  between 
1976  and  1985,  commercial  harvest 
of  anadromous  fish  declined  by 
82%.  Four  out  of  five  fish  in  the  ivaters 
had  disappeared. 

As  early  as  the  19th  century,  a 
need  for  corrective  action  was  ap- 
parent. Colonists  had  observed 
huge  migrations  of  adult  striped 
bass,  shad,  and  herring  swimming 
upriver  into  the  freshwater  tribu- 
taries of  the  Bay  each  spring  to 
spawn. 

But,  when  early  dams  were  con- 
structed to  provide  cheap  water 


illustration  by  Pels 


^  /     he  Chesapeake  Bay  is  the  largest  estuary  in 
C     North  America,  but  13  million  people  now 
make  their  home  in  its  vast  watershed,  straining  its 
productivity  as  a  legendary  natural  resource.  At 
the  turn  of  the  century,  the  Chesapeake  Bay  shad 
harvest  totalled  over  11  million  pounds  a 
year;  today  the  landings  average  less 
than  one  million  pounds.  Dams, 
pollution,  and  habitat  destruction 
triggered  a  downward  spiral  in 
Chesapeake  shad  abundance 
beginning  in  the  early 
1900 's,  a  trend  we  are  now 
trying  to  reverse. 


power  for  grist  mills,  it  quickly  be- 
came apparent  that  the  migrations 
of  these  fishes  would  be  blocked. 

Landowners  upstream  of  the 
dams  suddenly  lost  a  major  compo- 
nent of  their  livelihood.  Shad,  in  par- 
ticular, provided  tablefare  year- 
round  and  shad  and  herring  both 
sustained  and  fattened  large  popu- 
lations of  pigs  on  many  plantations 
and  farms.  Laws  were  passed  to  pro- 
vide fish  passage  through  dams,  but 
most  "fish  ladders"  never  worked, 
and  apparently  were  never  main- 
tained or  repaired. 

Finally,  in  1981,  in  response  to  the 
growing  evidence  of  declining  fish 
stocks  within  the  Bay,  the  Virginia 
General  Assembly  through  House 
Joint  Resolution  Number  233,  di- 
rected that  appropriate  action  be 
taken  to  restore  anadromous  stocks 
in  the  Bay  and  Virginia's  rivers.  State 
codes  established  the  Virginia  Fish 
Passage  and  Revolving  Loan  Fund 
to  provide  financial  support  for  fish 
passage  projects  to  implement  the 
resolution. 

In  Virginia,  over  $1.5  million  has 
been  spent  to  provide  fish  passage, 
which  doesn't  count  the  thousands 
of  dollars  spent  on  the  many  related 
efforts  to  restore  the  Bay  and  its  trib- 
utaries. The  Virginia  Department  of 
Game  and  Inland  Fisheries  and  the 
Virginia  Marine  Resources  Commis- 
sion have  worked  to  protect  and  im- 
prove dwindling  striped  bass  popu- 
lations through  regulatory  mea- 
sures, a  propagation  and  stocking 
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program,  and  careful  monitoring  of 
natural  stocks.  Both  agencies  are 
now  working  closely  to  restore 
American  shad  populations.  Other 
fish  species  may  well  see  restoration 
programs  in  the  near  future.  But 
much  more  money  and  effort  is 
needed  to  finish  these  worthy  tasks. 
On  the  national  level,  the  incep- 
tion of  the  Chesapeake  Bay  Pro- 
gram, with  the  historic  signing  of  the 
Chesapeake  Bay  Agreement  in  1983, 
directed  a  number  of  federal  and 
state  agencies  to  do  what  was  neces- 
sary to  restore  the  Bay.  This  agree- 
ment set  the  framework  for  coopera- 
tion among  many  agencies  and  ad- 
visory groups.  Spearheaded  by  the 
U.S.  Environmental  Protection 
Agency,  it  set  the  stage  for  actual 
restoration  work.  A  second  agree- 
ment, the  Chesapeake  Bay  Agree- 
ment of  1987,  renewed  the  earlier 
commitments  agreed  upon  in  1983. 

Price  Smith  is  a  district  fisheries  super- 
visor and  the  Fish  Passage  Coordinator 
forVDGIF. 


VDGIF  fisheries  biologists,  in  cooperation  with  local  Chesapeake  watermen  and  the  U.S.  Fish  and 
Wildlife  Service,  have  produced  and  stocked  over  2.1  million  fry  in  the  James  and  Pamurikey  Rivers  in 
an  effort  to  get  a  head  start  on  shad  recovery  efforts  in  our  waters. 


On  the  Road  to 
Recovery 

byTomGunter 

vw  s  the  lion  of  March  tames 
-A — /  itself  to  a  lamb,  American 
/  L  shad  have  made  their  way 
from  saltwater  into  freshwater,  and 
onto  their  spawning  grounds  in  the 
tributaries  of  the  Chesapeake  Bay. 
By  March  15,  fisheries  biologists 
from  the  Virginia  Department  of 
Game  and  Inland  Fisheries  (VDGIF) 
and  the  U.S.  Fish  and  Wildlife  Ser- 
vice (USFWS)  are  busy  monitoring 
water  temperatures  in  Virginia's 
tidal  rivers  as  hatchery  crews  busily 
prepare  themselves  to  receive  the 
first  shad  eggs  of  the  season. 


As  river  water  temperatures  rise 
into  the  low  to  mid  50' s,  shad  active- 
ly begin  to  spawn.  The  onset  of 
spawning  creates  a  flurry  of  activity 
by  all  those  involved  in  Virginia's 
American  Shad  Restoration  Project. 
Lengthening  daylight  and  warming 
water  temperatures  find  biologists 
and  commercial  fishermen  hard  at 
work  collecting  brood  stock  shad  for 
egg-taking  operations.  Using  float- 
ing gill  nests,  the  watermen  lay  out  a 
webbed  wall  that  moves  with  the 
tide.  The  nets  move  through  a  sec- 
tion or  reach  of  river  (termed  "driv- 
ing the  reach")  a  short  time  before 
the  tide  reaches  the  ebb  or  slack  tide, 
to  collect  spawning  fish.  How  fast 
the  tide  is  moving  determines  the 
length  of  time  egg-taking  crews  will 
have  to  collect  brood  fish.  Generally, 
tides  only  run  over  a  4-hour  period 
that  is  conducive  for  collecting 
spawning  fish.  Shad  spawn  primari- 
ly from  late  evening  until  midnight, 
requiring  most  of  the  work  to  be 
done  at  night. 

Most  male  shad  collected  each 
evening  are  ready  to  spawn,  but  not 
all  females.  Those  not  considered  as 


spawners  are  released  to  reproduce 
another  day.  Females  in  spawning 
condition  and  releasing  eggs  freely 
(termed "flowing")  are  quickly  re- 
moved from  the  net  by  the  water- 
men and  placed  on  boats  with  live 
wells.  The  brood  stock  are  then 
taken  to  shore  where  the  egg-taking 
process  is  done. 

Flowing  fish  are  manually 
spawned  in  bowls  by  massaging  the 
fish's  abdomen.  Water  is  then  added 
to  the  bowls,  which  activates  the 
sperm.  Viability  of  the  sperm  will 
only  last  for  about  2  minutes,  in 
which  time  the  eggs  must  be  fertil- 
ized. American  shad  are  considered 
broadcast  spawners,  meaning  they 
spawn  in  open  water  and  do  not 
build  nests  like  some  fish.  Egg  fertili- 
ty rates  of  broadcast  spawners  are 
very  low  in  the  wild,  only  about  5  to 
35%.  By  manually  spawning  shad, 
however,  egg  fertilization  rates  can 
be  improved  to  as  much  as  95%. 

Once  fertilized,  the  eggs  are 
placed  in  water-filled  tubs  and  left 
undisturbed  for  a  one-hour  period. 
During  that  time,  the  eggs  will  ab- 
sorb water  and  swell  to  twice  their 
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original  size — a  process  known  as 
becoming  "water  hardened."  As  the 
eggs  water  harden,  biologists  collect 
data  from  the  adult  fish  that  will 
give  insight  into  the  age  and  growth 
of  American  shad  spawning  in  the 
state.  This  data  will  also  help  deter- 
mine how  many  of  these  fish 
are  repeat  spawners, 
and  their  genetic 
makeup. 

Once  water  hard- 
ened, the  shad  eggs  are 
placed  in  oxygen-en- 
riched, water-filled 
bags,  and  shipped  to 
the  hatchery.  There  they 
are  counted  and  fertil- 
ization rates  are  deter- 
mined. 

The  eggs  are  then 
placed  into  hatching 
jars  where  they  are 
allowed  to  incubate 
until     hatched — 
about  6  to  8  days  de- 
pending  on  water 
temperatures.  Upon 
signs  of  hatching,  the 
egg-laden  jars  are 
placed  into  200-gal- 
lon  circular  tanks 
where  the  young 


shad  (known  as  fry)  will  remain  for 
the  next  21  days. 

During  their  stay  at  the  hatchery, 
the  fry  are  fed  a  combination  of  brine 
shrimp  and  salmon  starter  feed  and 
marked  with  a  permanent  tag.  Tag- 
ging hatchery-raised  fish  is  neces- 
sary to  distinguish  them  from  wild 
fish,  allowing  biologists 
to  evaluate 


restoration  efforts. 

Hatchery  operations  are  often 
used  by  state  and  federal  wildlife 
agencies  in  recovery  efforts  of  sup- 
pressed fish  populations.  Such  ef- 
forts are  not  intended  to  sustain  a 
troubled  fishery,  but  are  designed  to 
give  recovery  efforts  a  head  start, 
and  to  study  the  fish's  life  history. 

The  road  to  recovery  for  Vir- 
ginia's American  shad  populations 
will  be  a  long  and  difficult  one,  but 
there  is  a  light  at  the  end  of  the  tun- 
nel. In  the  first  year  of  hatching 
American  shad  in  the  Common- 
wealth, state  and  federal  hatcheries, 
with  help  from  the  Van  Dyke  Hatch- 
ery in  Pennsylvania,  produced  and 
stocked  over  2.1  million  fry  in  the 
James  and  Pamunkey  Rivers.  The 
cooperation,  dedication,  and  hard 
work  between  the  various  state 
agencies,  the  federal  government, 
and  the  commercial  watermen  is  tes- 
timony to  the  importance  and  sense 
of  urgency  that  is  needed  for  recov- 
ery efforts  of  the  American  shad. 

As  Virginians,  we  owe  a  great 
deal  to  the  American  shad  through- 
out our  history.  And  as  we  lay  the 
cornerstones  for  our  future,  we  owe 
our  children  the  opportunity  to 
enjoy  and  prosper  from  this  magnif- 
icent and  most  beneficial  fish.       □ 

Tom  Gunter  is  Virginia's  American  Shad 
Restoration  Coordinator  and  a  fisheries 
biologist  withVDGIF. 
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Hickory  shad,  illustration  by  Duane  Raver 
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by  Lawrence  Latane 

\f)  obert  Hazelwood,  as  al- 
jf^  ways,  was  in  the  Pa- 
/  V*  munkey  River  last  spring. 
While  wood  ducks  twisted  through 
the  swamp  trees  in  the  fading  light, 
Hazelwood  sat  in  his  skiff  and  set 
loose  600  feet  of  monofiliment  net  on 
the  moving  tide. 

The  net  crept  past  black  pilings  at 
forgotten  steamboat  wharves  and 
rode  the  smooth  river  toward  low 
marsh  points  with  magical  Indian 
names.  All  the  while,  the  net's  invisi- 
ble mesh  collected  fish  that  were 
fresh  from  the  sea.  The  American 
shad  were  back — ripe  with  eggs — 
and  Hazelwood,  a  third  generation 
shad  fisherman,  was  once  again 
doing  his  part  to  catch  them. 


Commercial  fishermen  in 
Virginia's  waters  have 

been  hard  hit  by  the  mora- 
torium on  shad  fishing. 
What  does  the  future  hold 
for  these  men,  women, 
and  the  ailing  resource? 


"We  did  pretty  darn  good," 
Hazelwood  said  later.  "We  filled 
three  hatcheries  as  a  matter  of  fact." 
Instead  of  fishing  for  himself  last 
spring  as  he  always  has,  Hazelwood 
caught  fish  for  the  Virginia  Depart- 
ment of  Game  and  Inland  Fisheries 
(VDGIF). 

Drastic  declines  in  shad  stocks 
forced  Virginia  to  ban  the  shad  har- 


vest in  the  state's  portion  of  the 
Chesapeake  Bay  and  its  tributaries 
for  the  first  time  in  the  spring  of 
1994.  Hazelwood  was  one  of  10  wa- 
termen the  state  hired  under  special 
permit  to  collect  brood  fish  for  a 
major  state  restocking  effort  to  re- 
build the  species. 

Tom  Gunter,  a  VDGIF  fisheries 
biologist  who  is  the  American  shad 
restoration  coordinator  for  Virginia, 
said  the  work  paid  off.  "We  got  over 
1,000  brood  fish  which  produced  2.1 
million  fry,"  he  said.  "I  know  we 
wouldn't  have  had  that  success 
without  the  watermen's  help." 

The  shad  moratorium,  which 
continues  this  spring,  wasn't  a  wel- 
come prospect  for  the  hardscrabble 
watermen  along  Virginia's  shad 
rivers — the  Mattaponi,  the  Pa- 
munkey  i  nd  the  Chickahominy. 
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Ryland  Hazelwood  (above)  and  his  brother  Robert 
are  two  of  the  commerical  watermen  helping 
VDGIF  capture  brood  stock  for  their  shad  hatchery 
operations.  Over  2.1  million  shad  fry  have  been 
hatched,  raised,  and  stocked  in  the  James  and 
Pamunkey  Rivers  as  a  result  of  the  effort. 

Commercial  fishing  for  the  beautiful 
fish  was  an  expected  part  of  life 
along  those  lonely  rivers  when  the 
shadbush  bloomed.  Hazelwood 
was  one  of  the  first  to  object  when 
the  ban  on  shad  fishing  was  first 
proposed.  "If  you  take  it  away  from 
me,  I'll  have  nothing  come  March  or 
April/'  he  told  the  Virginia  Marine 
Resources  Commission  in  1992 
when  it  scheduled  the  ban. 

"My  bills  will  still  be  coming  in, 
but  I  can't  write  my  creditors  and 
say  I  can't  pay  my  bills  because  they 
closed  shad  fishing." 

Hazelwood  wasn't  exaggerating. 
Except  for  the  work  netting  fish  for 
VDGIF,  "We  were  pretty  much  out 
of  work  last  spring,"  he  said. 


"I  helped  out  my  cousin  doing 
some  side  jobs,  but  it  was  a  tough 
few  weeks.  It's  very  important  to 
our  livelihood — those  first  few 
bucks  you  get  in  your  pocket  after  a 
long,  cold  winter." 

Despite  the  difficulties,  the  fish- 
ing ban  has  forged  an  unexpected  al- 
liance between  the  independent 
shad  fishermen  and  the  state  biolo- 
gists who  are  trying  to  save  the  fish. 

"I  think  we  both  gained  a  great 
deal  of  respect  for  each  other," 
Hazelwood  explained.  "They  re- 
spected us  for  the  fact  we  could 
catch  the  fish  they  thought  were 
nearly  non-existent.  We  respect 
them  for  the  hatchery  effort." 

Commercial  watermen,  in  fact, 
apportioned  $90,000  of  the  revenue 
from  their  commercial  fishing  li- 
censes to  state  projects  designed  to 
help  the  shad.  Watermen  must  pay 
the  Marine  Resources  Commission 
$150  a  year  for  the  right  to  fish  com- 
mercially Hazelwood  is  a  member 
of  the  panel  called  the  Marine  Fish- 
eries Improvement  Fund  which  de- 
cides how  the  money  should  be 
spent. 

The  group  contributed  $50,000  to 
help  pay  for  a  proposed  fish  passage 
in  Bosher's  Dam  on  the  James  River 
near  Richmond.  It  also  spent  $40,000 
to  hire  the  10  watermen  to  collect  the 
spawning  shad. 

As  Hazelwood  sees  it,  both  pro- 
jects are  important  adjuncts  to  the 
moratorium.  The  fish  passage  will 
reopen  143  miles  of  blocked  shad 
habitat  behind  the  10-foot  high 
Bosher's  Dam.  The  stocking  plan 
will  give  natural  shad  reproduction 
a  much  needed  boost.  These  are  ac- 
tivities watermen  can  support. 


illustration  by  Shaun  Revene,  age  8 

"Commercial  fishermen  always 
get  a  bad  rap,"  he  said.  "But,  we're 
the  last  ones  who  want  to  see  any 
species  offish  annihilated." 

Problems  with  shad  harvests  fi- 
nally forced  the  Marine  Resources 
Commission  to  confront  the  issue  of 
shad  fishing  to  protect  the  species. 
For  example,  in  just  11  years  be- 
tween 1980-1991,  shad  harvests 
within  Virginia's  portion  of  the 
Chesapeake  Bay  plunged  from 
866,000  pounds  to  116,000  pounds, 
Marine  Resource  Commission  fig- 
ures show.  Old  records  indicate  the 
harvest  reached  a  peak  of  around  8 
million  pounds  a  year  in  the  1900's. 

What  was  once  a  springtime  sta- 
ple for  watermen  along  the  tidal 
rivers  was  quickly  becoming  a 
memory.  Fishery  managers,  not 
only  in  Virginia,  but  up  and  down 


Hazelwood  Brothers  Seafood  Company  can  no 
longer  depend  on  a  shad  fishery  to  pay  the  bills, 
but  they  are  actively  supporting  shad  restoration 
efforts  in  the  Bay.  Says  Robert  Hazelwood, 
"Commercial  fishermen  always  get  a  bad  rap. 
But,  we're  the  last  ones  who  want  to  see  any 
species  offish  annihilated." 
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the  East  Coast,  are 
coming  to  realize  it's 
now  or  never  for  the 
American  shad. 

"Shad  is  one  of 
those  very  important 
species  that  has  not 
gotten  the  attention  it 
deserves,"  said  Jack 
Dunnigan,  of  Wash- 
ington, D.C.  Dunni- 
gan is  the  executive  di- 
rector of  the  Atlantic 
States  Marine  Fish- 
eries Commission, 
which  recently  gained 
Congressional  author- 
ity to  require  the  14 
coastal  states  plus 
Pennsylvania  to  enact 
a  joint  shad  manage- 
ment plan. 

The  inertia  on  shad 
"is  going  to  change  in 
1995,"  Dunnigan  said. 
"We're  going  to  have  a 
new  management 
program  that's  going 
to  be  aggressive  on 
shad. 

"In  so  many  areas," 
he  added,  "it's  a  re- 
source that  seems  to  be 
in  real  trouble." 

The  last  time  the  At- 
lantic States  Marine 
Fisheries  Commission  got  aggres- 
sive, it  forced  Virginia  and  Mary- 
land and  a  few  other  coastal  states  to 
impose  bans  on  the  harvest  of 
striped  bass,  which  like  shad,  also 
migrate  from  the  ocean  in  the  spring 
to  spawn  in  freshwater  portions  of 
Virginia's  tidal  rivers. 

The  moratoriums  during  the 
1980's  and  subsequent  strict  catch 
limitations  have  been  credited  with 
one  of  modern  fish  management's 
success  stories.  Striped  bass,  or  rock- 
fish,  as  they  are  called  in  the  Chesa- 
peake Bay,  have  rebounded  to 
record  levels.  The  Atlantic  States 
Marine  Fisheries  Commission  de- 
clared the  rockfish  "fully  recov- 
ered"as  of  January  1, 1995. 

Virginia  may  yet  have  to  decide  if 
it  will  take  stronger  action  to  restore 
the  shad  to  a  similar  level.  The  Ma- 
rine Resources  Commission  still  al- 


lows shad  netting  in  Virginia's  off- 
shore waters  of  the  Atlantic  Ocean. 
The  catch  has  ranged  from  a  low  of 
96,000  pounds  in  1980  to  a  high  of 
644,000  pounds  in  1984.  In  1992,  the 
last  year  of  complete  catch  records, 
watermen  landed  432,000  pounds. 

Many  of  those  fish  would  have 
turned  inland  between  the  Virginia 
capes  and  gone  back  to  their  natal 
river  to  spawn,  according  to  Dr.  Bon- 
nie Brown,  a  shad  specialist  at  Vir- 
ginia Commonwealth  University, 
who  is  director  of  the  school's  eco- 
logical genetics  lab.  She  did  genetic 
studies  of  fish  caught  in  the  coastal 
"intercept"  fishery  for  more  than 
two  years  and  has  prepared  a  list  of 
recommendations  for  further  man- 
agement action. 

The  proposals  range  from  termi- 
nating the  coastal  fishery  to  doing 
nothing  at  all,  with  suggestions  to 


Above:  The  visible  proof  of  a  lost  fishery  and  a 
local  economy  is  this  abandoned  commercial  fish 
processing  plant  on  the  Chickahominy  River. 
Right:  Robert  Norris,  Jr.  witnessed  the  rise  and 
fall  of  the  herring  fishery  on  the  Northern  Neck. 
Wliile  an  employee  of  a  packing  house  at  the  tip 
of  Mundy  Point  on  the  Yeocomico  River,  he 
remembers  when  a  season's  ouput  required  two 
sailing  schooner  loads  of  salt  to  satisfy 
production  needs.  By  the  1970's,  the  heyday  was 
over.  The  fishery  had  collapsed.  Photos  by 
Dwight  Dyke. 


place  stringent  harvest  limits  on  the 
coastal  catch  falling  somewhere  in 
between.  "Either  get  rid  of  the  fish- 
ery or  harvest  it  at  a  very  small 
level,"  Dr.  Brown  said.  "But,  even  if 
you  stop  harvesting  fish  out  there, 
that's  not  going  to  account  for  all 
those  fish  that  are  missing  from  Vir- 
ginia's rivers." 

Dr.  Brown  said  it  is  time  for  offi- 
cials to  view  fisheries  management 
"as  one  system"  which  also  takes 
into  account  water  quality,  habitat 
and  other  "big  concerns." 

"Cutting  the  harvest  is  not  going 
to  solve  the  problem  all  by  itself." 

Even  if  major  improvements  are 
made  in  restoring  the  Chesapeake 
Bay,  shad  may  take  years  to  re- 
bound, if  at  all,  she  predicted.  "It  will 
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probably  take  10  years  or  so  for  the 
shad  just  to  respond  and  that 
doesn't  mean  a  stable  population." 
But,  the  effort  is  worth  it,  she  said, 
and  the  goal  should  be  for  a  sustain- 
able population  of  shad  that  can 
bear  the  pressure  of  managed  har- 
vests. 

Robert  M.  Norris,  Jr.,  has  seen 
what  can  happen  when  fishing  pres- 
sure goes  unchecked.  He  grew  up  in 
Northumberland  County  during 
what  he  calls  the  heyday  of  the  river 
herring  fishery  which  once  thrived 
on  the  Northern  Neck. 

Herring  are  another  anadromous 
fish  which  also  used  to  ascent  Vir- 
ginia rivers  in  great  schools  to 
spawn.  But,  they  virtually  disap- 
peared from  the  Potomac  River  in 
the  1970's  and  took  the  Warren  J. 
Courtney  and  Son  canning  compa- 
ny with  them. 


illustration  by  Shaun  Revene,  age  8 

Norris  was  Courtney's  nephew 
and  worked  inside  the  huge  packing 
house  in  the  early  1930's  at  the  tip  of 
Mundy  Point  on  the  Yeocomico 
River,  a  tributary  of  the  Potomac. 
"That's  when  they  were  buying  the 
herring,  cutting  them,  salting  them 
and  shipping  them,"  he  recalled.  "It 
was  one  of  the  last  big  herring  pack- 
ers on  the  Chesapeake  Bay."  A 
whole  fleet  of  pound  net  fishermen 
worked  out  of  the  Yeocomico  River 
to  supply  the  packing  house  in  the 
spring.  A  season's  output  required 
two  sailing  schooner  loads  of  salt 
from  the  Turks  Islands  in  the 
Caribbean  Sea.  "I  expect  on  the  cut- 
ting wharf  they  had  50  to  60  people 
cutting  fish  and  I  guess  they  had  40 
people  at  least  working  in  the 
plant." 

It  all  ended. 

"The  herring  started  disappear- 


ing and  they  disappeared 
rapidly  in  the  1970's,"  Norris 
recalled.  Herring  stocks,  he 
said,  had  finally  collapsed. 

Not  only  were  the  fish 
being  relentlessly  pursued  in 
the  Virginia  rivers,  but  fleets 
of  foreign  factory  ships  were 
believed  to  be  sucking  up 
schools  off  Virginia's  shore. 
On  top  of  that  came  the  fur- 
ther indignity  of  water  pol- 
lution in  the  Potomac  River. 
By  the  1960's,  the  river  had 
become  a  national  disgrace 
and  many  of  its  spawning 
grounds  were  smothered  in 
sediment  and  filth. 

"Sediment  and  siltarion," 
said  Norris,  "That's  the 
enemy  of  spawning  fish." 

Efforts  to  control  water 
pollution  and  soil  erosion 
are  gradually  restoring 
water  quality  in  the  Bay  as  a 
tangible  result  of  the  signing 
of  the  historic  Chesapeake 
Bay  Agreement  of  1983. 
Now,  another  historic  bond 
is  being  forged  between  commerical 
watermen  and  fishery  managers; 
one  that  hopefully  will  strengthen 
the  comeback  of  our  shad  and  her- 
ring, and  bring  them  home  again — 
where  they  belong.  □ 

Lawrence  Latane  is  a  ivriter  for  the 
Richmond  Times-Dispatch. 


Hopefully,  the  new  historic  bond  between 
commercial  watermen  and  fishery  managers  in 
Virginia  signals  a  unbeatable  commitment  to 
anadromous  fish  restoration  in  the  state. 
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A  Homecoming 
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by  Dean  L  Fowler 

A  J  arm  afternoon  slips  into 
I  /  I  /  crisp  October  darkness 
v  V  as  you  cast  the  shoreline 
of  the  Chickahominy  River  for  bass. 
Suddenly  it's  pandemonium,  and 
the  water  boils  furiously  all  around 
as  you  sit  in  momentary  awe. 
What's  going  on?  It's  a  sound  thafs 
fond  and  familiar  to  many  area  na- 
tives who  have  fished  the  waters  of 
the  Chesapeake  Bay  and  her  feeder 
rivers  for  many  years.  It's  a  school  of 
striped  bass  "busting  shad,"  as  their 
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Striped  bass  in  Virginia 

have  made  a  remarkable 

recovery.  Here's  the  fisheries 

management  success  storji 

of  their  return 

to  our  waters. 


feeding  frenzy  is  called,  on  the  sur- 
face. It's  a  sound  that's  becoming 
common  once  again  as  the  Bay's 
striped  bass  population  returns 
from  near  collapse  to  historically 
high  levels. 


Striped  bass  were  once  so  abun- 
dant they  were  used  as  fertilizer  in 
Colonial  times.  Returning  every 
spring  by  the  thousands  to  the  rivers 
of  their  birth  to  spawn,  adult  striped 
bass  once  provided  an  unimagin- 
able resource  for  the  people  of  Vir- 
ginia. But  not  today.  As  the  human 
population  of  the  United  States  has 
grown,  so  have  the  demands  on  our 
natural  resources,  and  striped  bass 
have  been  no  exception  to  the  rule. 

Commercial  fishery  harvests,  al- 
though fluctuating  cyclically  with 
the  abundance  of  the  striped  bass 
population  over  the  last  200  years, 
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increased  gradually  during 
this  century.  By  the  1960's,  annual 
East  Coast  landings  often  exceeded 
10  million  pounds.  In  addition, 
recreational  fishing  started  to  be- 
come very  popular  in  the 
1950's-1960's,  creating  another  sig- 
nificant source  of  mortality  for 
striped  bass. 

It  was  about  this  same  time  that 
we  began  to  realize  that  we  were  ex- 
ceeding the  Bay's  ability  to  assimi- 
late industrial,  municipal,  and  do- 
mestic human  waste.  The  time 
bomb  was  ticking.  Striped  bass  re- 
production was  outstanding  in 
1970,  but  by  the  time  these  fish  had 
reached  4  years  of  age,  many  had 
been  harvested.  A  substantial  de- 


Striped  bass;  illustration  by  Duane  Raver 

ever,  it  wasn't 
long  before  the  population  in  Chesa- 
peake Bay  declined  to  levels  so  low 
that  the  very  survival  of  the  species 
was  in  question. 

The  Atlantic  Coast  population  of 
striped  bass,  which  was  heavily  de- 
pendent upon  fish  spawned  in 
Chesapeake  Bay,  also  crashed.  A  re- 
source of  tremendous  economic 
value  and  a  great  sport  fish  of  beau- 
ty, fighting  ability,  and  taste,  had 
been  virtually  destroyed. 

Something  had  to  be  done;  ma- 
rine fishery  agencies  implemented 
minimum  size  limits,  seasons,  and 
other  regulations  in  an  effort  to  re- 
verse the  trend,  but  the  decline  con- 
tinued because  these  measures  were 
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Above:  Native  Americans  knew  the  abundance 
of  striped  bass  when  the  Colonists  landed  in 
Jamestown,  and  in  1948  the  rockfish  catch  was 
nearly  unimaginable.  Wlien,  in  the  late  1970's, 
the  population  began  spiraling  downwards, 
striped  bass  restoration  efforts  became  our 
proving  grounds  to  revive  an  anadromous 
fishery. Today,  after  nearly  20  years  of  effort, 
fishery  managers  can  finally  claim  a  victory. 
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cline  in  harvest  ensued  during  the 
remainder  of  the  decade  as  the  pop- 
ulation plummeted. 

There  was  much  disagreement 
surrounding  the  causes  for  the  de- 
cline. Some  people  claimed  it  was 
just  a  normal  "down"  cycle.  How- 


not  sufficiently  conservative  to 
allow  enough  adults  to  survive  to  re- 
produce. As  we  learned  later,  female 
striped  bass  may  take  up  to  8  years 
to  become  sexually  mature.  It  would 
take  much  stronger  regulations  to 
protect  these  fish. 
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Because  striped  bass  migrate 
through  many  state  jurisdictions, 
the  federal  government  became  in- 
volved. The  Atlantic  Striped  Bass 
Conservation  Act  was  passed  by 
Congress  in  1984  to  provide  funding 
for  research  to  investigate  the  causes 
for  the  population  decline  and  pro- 
tect striped  bass  from  fishing  so  the 
population  could  be  given  a  chance 
to  recover. 

In  1985,  Maryland  instituted  a 
moratorium  on  striped  bass  fishing, 
while  the  Virginia  Marine  Resources 
Commission  passed  more  restric- 
tive regulations  on  striped  bass  har- 
vest as  each  year  passed  during  the 
1980's. 

In  addition  to  these  efforts,  exper- 
imental restocking  programs  were 
initiated  in  both  Maryland  and  Vir- 
ginia tributaries  to  the  Chesapeake 
Bay  The  main  goal  of  the  programs 
was  to  evaluate  whether  fish  reared 


decided  that  the  fish  should  be 
reared  to  4-9"  fingerling  size  before 
release.  This  would  allow  us  to  pro- 
tect them  in  hatcheries  during  then- 
vulnerable  early  life  stages  and  in- 
crease their  potential  for  survival  in 
the  wild. 

The  large  number  of  personnel 
and  tremendous  amounts  of  equip- 
ment and  hatchery  pond  space  re- 
quired to  produce  the  numbers  of 
fish  that  would  be  needed  (up  to 
1 ,000,000  per  year!)  were  beyond  the 
resources  of  any  one  fisheries  agen- 
cy. As  a  result,  the  United  States  Fish 
&  Wildlife  Service  (USFWS)  entered 
into  cooperative  agreements  with 
the  states  of  Maryland  and  Virginia 
to  conduct  the  restocking  effort  be- 
ginning in  1985.  The  plan  called  for 
the  spawning  adults  to  be  collected, 
for  the  states  to  spawn  the  fish  at 
their  hatcheries  (Brookneal  and 
King  &  Queen  State  Fish  Hatcheries 
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in  hatcheries  could  be  used  to  bol- 
ster the  spawning  population  of 
striped  bass  in  Chesapeake  Bay. 
There  was  no  intention  to  stock 
striped  bass  indefinitely,  that  would 
be  far  too  expensive.  The  idea  was  to 
"jump  start"  the  spawning  popula- 
tion back  to  self-sustainability. 

Still,  scientists  didn't  know  if  it 
would  work.  After  all,  think  about  it 
for  a  second:  we  were  talking  about 
stocking  the  ocean.  In  order  to  in- 
crease the  odds  for  success,  it  was 


were  used  in  Virginia),  for  USFWS 
to  rear  the  fish  to  fingerling  size  in 
their  East  Coast  hatcheries,  and  for 
the  fingerlings  to  be  tagged  and 
stocked  cooperatively. 

In  Virginia,  the  Mattaponi  and 
Pamunkey  Rivers  were  selected  for 
the  experiment  since  the  James 
River  was  contaminated  with  Ke- 
pone  at  the  time  and  the  Rappahan- 
nock River  still  had  a  small  commer- 
cial fishery  operating  on  it. 

The  first  hurdle  encountered  was 


Above  and  opposite:  Experimental  restocking 
programs  for  striped  bass  were  initiated  in  the 
Maryland  and  Virginia  tributaries  of  the 
Chesapeake  Bay.  Adult  brood  fish  were  collected 
each  spring  in  the  Mattaponi  and  Pamunke}/ 
Rivers,  they  were  measured  and  their  eggs 
sampled  to  determine  whether  or  not  they  were 
hatchery  candidates.  During  the  course  of  the 
program,  over  780,000  fingerlings  were  raised 
and  stocked  in  Virginia  waters  to  assist  in  the 
striped  bass  restoration  effort.  Both  Maryland  and 
Virginia  have  documented  the  presence  of 
sexually  mature  males  and  females  of  hatchery 
origin  on  the  spawning  grounds. 
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finding  the  adults  in  the  rivers  when 
they  were  ready  to  spawn  so  we 
could  bring  them  back  to  the  hatch- 
ery. With  the  help  of  some  experi- 
enced local  fishermen,  we  thought 
we  had  it  made  in  the  shade. 

But,  though  the  watermen  were 
helpful  in  locating  fish,  quite  often 
they  weren't  the  right  fish.  Finding 
ripe  (ready  to  spawn)  males  was  not 
much  of  a  problem,  but  finding  large 
ripe  females  was  another  story.  They 
tended  to  congregate  in  small  areas 
only  a  few  acres  in  size  from  late 
March  to  mid-May  when  river  tem- 
peratures were  stable  or  rising  be- 
tween 60°  and  75°F. 

Finding  these  sites  proved  chal- 
lenging and  there  was  no  telling  at 
which  site  the  fish  would  be  on  a 
given  day.  We  searched  for  females 


larger  than  10  pounds,  because 
small  females  do  not  produce 
enough  eggs  to  make  this  effort 
worthwhile.  A  40-50  pound  female 
may  produce  as  many  as  4,000,000 
eggs,  whereas  a  female  under  10 
pounds  usually  produces  less  than 
500,000.  Needless  to  say,  it  was  chal- 
lenging to  capture  the  necessary  fish 
at  a  time  when  the  population  was 
not  abundant. 

Once  we  found  out  where  and 
when  to  capture  ripe  fish,  we  had  to 
overcome  problems  with  handling 
stress.  Big,  ripe  females  do  not  toler- 
ate much  handling  and  they'll  die  if 
you  look  at  them  cross-eyed.  We 
learned  the  hard  way  that  they  had 
to  be  transported  and  spawned 
using  great  care  and  specialized 
equipment. 


In  the  hatchery,  we  relied  on  the 
fish  to  complete  naturally  the  act  of 
spawning  as  they  would  in  the  wild. 
In  order  for  this  to  happen,  we  had 
to  give  each  female  an  injection  of  a 
reproductive  hormone  to  stimulate 
egg  development.  Otherwise,  the 
stress  of  handling  and  being  held  in 
captivity  would  have  prevented 
normal  spawning. 

The  interesting  thing  about  this 
hormone  (human  chorionic  go- 
nadotropin) is  its  origin;  it  is  taken 
from  pregnant  women!  Not  only 
does  it  promote  spawning  in  female 
striped  bass,  but  we  give  it  to  the 
males  as  well,  because  it  promotes 
milt  production.  Apparently,  repro- 
ductive hormones  in  fish  and  man 
are  not  all  that  different. 

Generally,  we  placed  four  males 
and  one  female  together  in  each 
spawning  tank.  If  all  went  well, 
spawning  took  place  within  30 
hours  and  the  eggs  were  collected 
by  routing  the  spawning  tank  water 
through  a  fine  screen  box.  After  let- 
ting the  egg  shells  harden  for  a  cou- 
ple of  hours,  the  eggs  were  moved  to 
a  separate  incubation  system. 

At  66°F,  the  eggs  hatched  in  about 
two  days.  The  resulting  larvae,  or 
"fry"  as  they  are  called,  are  approxi- 
mately V-i"  long  and  for  the  first  five 
days  of  life  rely  totally  on  their  yolk 
sac  for  nourishment.  After  five  days, 


JANUARY  1995 


19 


Z3 

r3 


20 


15 


CD 

i  10 


jO 


0 


1 

5." 

r 

8. 

1 

i.: 

> 

10.5 

4.4           4.8 

7.6 

7.3 

3.8 

7.3 

2.5           2.7  "    ■    2.4   1 

|     1.6    1                       «    i 

1980  81  82  83  84  85  86  87  88  89  90  91  92  93  94 

YEAR 

Figure  1:  The  average  number  of  young  striped  bass  collected  in  the  James, 
Mattaponi,  Pamunkey,  and  Rappahannock  Rivers.  Data  courtesy  of  the  Virginia 
Institute  of  Marine  Science. 


Figure  2:  The  average  number  of  adult  female  striped  bass  collected  per  hour  of 
electrofishing  in  the  Mattaponi  ami  Pamunkey  Rivers. 
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Striped  bass  fingerlings  were  placed  in  recovery 
tanks  after  being  tagged  and  just  prior  to  release 
into  Virginia  rivers. 


they  are  ready  to  feed.  At  this  age 
they  were  transported  in  plastic 
bags  to  federal  fish  hatcheries  along 
the  East  Coast  for  rearing  on  artifi- 
cial food  to  the  fingerling  size. 

Each  fall,  from  1988-1993,  the  fin- 
gerlings were  harvested  from  hatch- 
ery ponds  and  tagged  at  Harrison 
Lake  National  Fish  Hatchery  in 
Charles  City  County  prior  to  release. 
The  tags  allow  biologists  conduct- 
ing future  fisheries  surveys  to  differ- 
entiate stocked  fish  from  fish  that 
were  produced  by  natural  spawn- 
ing in  the  rivers,  and  has  been  essen- 
tial in  evaluating  the  success  or  fail- 


ure of  the  stocking  program. 

Two  types  of  tags  were  used.  The 
first  was  a  one-millimeter  long  wire 
tag  coded  to  indicate  the  year  and 
river  of  release  and  the  hatchery  that 
produced  the  fish.  Selected  because 
it  can  be  applied  quickly  to  large 
numbers  of  fish,  this  tag  is  harmless 
to  the  fish,  and  very  few  of  the  tags 
fall  out.  This  tag  was  implanted  in 
the  left  cheek  muscle  of  each  fish  and 
special  detectors  are  required  to  de- 
tect its  presence  in  a  fish. 

The  second  tag  used,  called  a  Hoy 
tag,  looks  like  a  3"  piece  of  fluores- 
cent spaghetti.  It  was  implanted  in 
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the  left  side  of  1%  of  the  fish  that 
were  stocked  and  is  highly  visible  to 
fishermen.  Because  of  its  size,  it 
could  only  be  applied  to  the  largest 
fingerlings.  By  being  visible  to  fish- 
ermen, who  are  rewarded  for  re- 
turning tag  information,  we  were 
able  to  tap  an  additional  source  of  in- 
formation about  the  survival  and 
migrations  of  hatchery-origin  fish. 

During  the  course  of  Virginia's 
program,  over  780,000  fingerlings 
were  released  with  the  wire  tag; 
8,000  of  these  were  also  tagged  with 
the  anchor  tag. 

While  the  stocking  was  ongoing, 
it  became  apparent  that  the  striped 
bass  population  was  improving. 
The  juvenile  index,  which  is  a  mea- 
sure of  the  spawning  success, 
reached  historical  highs  in  Virginia 
in  the  late  1980's  (Figure  1).  Adult 
abundance  also  showed  substantial 


On  January  1,  striped  bass  populations  were 
declared  fully  restored.  This  fitting 
announcement  on  the  Neu>  Year  signals  the 
rebirth  of  a  commercial  and  recreational  fishery 
in  Virginia. 


gains  (Figure  2).  The  population  im- 
proved so  much  that  limited  com- 
mercial and  recreational  fisheries 
were  permitted  beginning  in  1990. 

Reproductive  success  has  re- 
mained high  and  adult  abundance  is 
still  increasing — so  much  so  that  the 
Atlantic  States  Marine  Fisheries 
Commission  recently  declared  that 
the  population  will  be  completely 
restored  as  of  January  1, 1995. 

Although  some  improvements  in 
Bay  and  river  water  quality  were  ac- 
complished since  the  1970's,  most  of 
the  recovery  can  be  attributed  to  the 
strict  regulations  that  were  imposed 
on  harvest  of  striped  bass.  These 
regulations  allowed  most  females  to 
survive  to  sexual  maturity  so  that 


they  could  spawn  and  replace  them- 
selves before  being  harvested. 

Did  the  stocking  program  help? 
Absolutely!  Both  Maryland  and  Vir- 
ginia have  documented  the  pres- 
ence of  sexually  mature  males  and 
females  of  hatchery-origin  on  the 
spawning  grounds.  Although  a  ma- 
jority of  the  population  is  comprised 
of  wild  fish,  this  is  more  a  function  of 
the  tremendous  recovery  of  the  wild 
spawning  stock  than  an  indication 
of  poor  survival  of  hatchery  fish. 

It  is  still  too  early  to  draw  final 
conclusions  regarding  the  degree  of 
success  of  the  stocking  program  in 
Virginia  because  the  stocked  fish  are 
still  relatively  young  (less  than  5 
years  old).  Most  of  the  stocked  fe- 
males have  not  yet  reached  sexual 
maturity  and  returned  to  the  spawn- 
ing grounds.  Because  it  takes  fe- 
males much  longer  to  mature  than 
males,  their  survival  rate  will  be  key 
in  determining  whether  stocking  is  a 
viable  technique  for  helping  to  re- 
store spawning  populations  of 
anadromous  striped  bass. 

Considering  the  cost  of  conduct- 
ing a  stocking  program  such  as  this, 
the  old  proverb  "An  ounce  of  pre- 
vention is  worth  a  pound  of  cure"  is 
quite  appropriate  when  applied  to 
fisheries  management.  The  phe- 


nomenal recovery  of  striped  bass 
serves  as  a  great  example  of  what 
can  be  accomplished  using  appro- 
priate management  based  on  sound 
biological  data  coupled  with  envi- 
ronmental stewardship. 

We  can  only  hope  that  we  will  re- 
member these  lessons  in  the  future. 

Dean  L.  Fowler  is  a  district  fisheries  su- 
pervisor in  charge  of  VDGIF's  striped 
bass  restoration  program. 
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The 

story  of 

fishpassage 

in  Virginia. 


by  Alan  Weaver 


f\  nadromous  fishes  that  mi- 
-f- — /  grate  into  Virginia's  inland 
/  L  waters  each  spring  to 
spawn  are  on  a  tight  schedule.  Suit- 
able spawning  habitat  must  be 
found  before  the  water  reaches 
roughly  60°F.  However,  a  serious 
problem  exists  for  these  fishes. 
Dams  and  other  obstructions  block 
access  to  much  of  their  historical 
spawning  habitat. 

Imagine  a  migratory  fish  on  a 
long  journey  from  the  sea  to  a  fresh- 
water stream.  Instinctively  running 
upriver  to  spawn  and  expending 
most  of  its  energy,  the  fish  is  sudden- 


ly stopped  by  a  dam.  Nature's 
course  is  blocked.  Historical  and  ar- 
chaeological records  show  that 
anadromous  fish  species  were  once 
part  of  our  inland  water  ecology 
from  spring  through  fall;  it  is  a  fact 
that  they  belong  in  the  upper  reach- 
es of  Virginia's  coastal  rivers! 

Unfortunately,  anadromous  fish 
stocks  are  now  at  dangerously  low 
levels.  Reopening  spawning  habitat 
is  one  step  that  can  help  these  fish 
begin  the  road  to  recovery. 

A  Fish  Passage  Restoration  Pro- 
ject has  been  initiated  in  Virginia. 
The  Environmental  Protection 
Agency  Chesapeake  Bay  Program 
through  the  National  Oceanograph- 
ic  and  Atmospheric  Administra- 
tion/National Marine  Fisheries  Ser- 
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vice,  helped  fund  a  fish  passage  co- 
ordinator as  well  as  design  and  con- 
struction of  a  number  of  fishways. 
Non-federal  dollars,  including 
funds  from  the  Virginia  Department 
of  Game  and  Inland  Fisheries 
(VDGIF),  match  these  funds  on  a  1:1 
basis.  Virginia  law  requires  fish  pas- 
sage when  migrating  fishes  are  pre- 
sent at  the  base  of  a  dam  and  spawn- 
ing habitat  is  found  above  the  dam. 

Providing  fishways,  however,  is  a 
lengthy  process.  Before  the  first  yard 
of  concrete  is  ever  poured,  and  the 
first  migrating  fish  ventures  beyond 
a  barrier,  all  parties  involved  spend 
a  lot  of  time,  money,  and  energy. 
Also,  VDGIF  must  reach  agree- 
ments with  the  owners  of  dams,  out- 
lining responsibilities  such  as  cost- 


sharing,  operation,  and  mainte- 
nance. 

All  too  often,  the  most  limiting 
step  is  adequate  funds.  Fishways  are 
unique,  thus  engineering,  design, 
and  construction  is  expensive.  Diffi- 
cult access  increases  design  and  con- 
struction costs.  Also,  work  in  and 
around  water  is  usually  quite  expen- 
sive. 

When  a  fish  passage  project  be- 
gins, fisheries  biologists  estimate  the 
design  population  for  a  given 
stream.  If  the  habitat  upstream  of  an 
impediment  could  support  the 
spawning  activity  of  100,000  shad 
and  1,000,000  river  herring,  the  fish- 


way  must  be  designed  to  pass  that 
many  fish.  A  fishway  serving  only 
current  fish  populations  is  counter- 
productive because  stock  sizes  are 
expected  to  increase  over  time. 

U.S.  Fish  and  Wildlife  Service 
(USFWS)  hydraulic  engineers  pro- 
vide the  conceptual  design  for  a  fish- 
way  Surveyors  provide  engineers 
with  dam  profiles  and  surrounding 
site  characteristics.  Setting,  fish  pop- 
ulations, and  river  flows  dictate  de- 
sign. 

Design  options  range  from  dam 
removal  to  mechanical  fish  eleva- 
tors. Also  among  the  options  are 
simple  breaches,  notches,  "fish  lad- 


Above:  On  the  James  River  in  Richmond,  Brown's  Island  and  Manchester  Dam  were  breached  in 
January  1989  to  allow  river  herring  and  shad  to  migrate  upriver.  In  1993,  a  notch  ivas  made  in  the  next 
blockage  upriver,  at  Williams  Dam  (top  and  opposite).  There  are  now  anadromous  fish  found  upriver 
of  the  notch. 
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Exit  Pool 


Entrance  Pool 


Vertical  Slot  Jishway 


Resembling  an  artificial 
waterfall,  the  vertical  slot 
fishway,  like  that  proposed 
for  Bosher's  Dam  on  the  James 
River,  provides  fish  passage 
through  an  ascending  series  of 
vertical  "slots."  The  fish  are 
attracted  to  the  smooth 
rushing  water  at  the  entrance 
to  the  fishway,  which  signals 
clear  channels  of  access. 
Swimming  into  the  first 
vertical  slot,  fish  may  rest 
before  swimming  to  the  next 
level.  Smooth,  rushing  water 
continues  to  direct  fish  on 
their  ascent  through  the  series 
of  slots,  and  a  turning  pool 
allows  them  an  additional 
resting  point  along  the  way. 
At  the  exit  pool,  the  fish 
continue  their  push  upriver. 
Illustration  by  Pels. 


ders,"  and  lock/lift  systems.  At 
dams  that  are  no  longer  needed, 
removal  is  an  option  that  not 
only  provides  fish  passage,  but 
also  restores  a  river  to  its  natural 
state. 

At  low  dams,  a  simple  breach 
or  notch  can  effectively  pass  fish. 
Manchester  and  Brown's  Island 
dams  were  breached  in  1989, 


opening  6  miles  of  the  James  River 
up  to  Williams  Island  Dam.  There,  a 
30'  wide  X  2.5'  deep  notch  was  built 
in  1993,  which  now  passes  migrat- 
ing fishes  through  Williams  Island 
Dam.  This  reopened  an  additional 
2.6  miles  of  spawning  habitat  up  to 
Bosher's  Dam. 

One  type  of  "fish  ladder"  is  a  ver- 
tical slot  fishway,  which  is  built 
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when  large  populations  of  shad  and 
herring  are  anticipated,  and  when 
river  flow  fluctuates  dramatically. 
Dissipation  of  a  rushing  river's  ener- 
gy is  the  key  factor  that  allows  fish  to 
negotiate  a  fishway  and  move  be- 
yond an  obstruction.  Water  from  the 
pool  above  the  dam  enters  the  upper 
pool  of  the  fishway,  then  passes 
down  through  a  vertical  slot  into  the 
next  pool.  This  continues  through 
several  pools  and  slots  until  the 
water  exits  the  fishway.  Fast,  smooth 
flowing  water  attracts  fish  to  the  en- 
trance pool.  On  their  way  up,  fish 
have  a  chance  to  rest  in  each  pool. 

A  vertical  slot  fishway  will  be 
built  at  Bosher's  Dam  on  the  James 
River  during  the  summer  and  fall  of 

1995,  thanks  in  part  to  the  fund-rais- 
ing effort  by  the  Lower  James  River 
Association  and  a  multi-agency  co- 
operative effort.  In  the  spring  of 

1996,  anadromous  fishes  will  be  free 
to  access  an  additional  143  miles  of 


Above:  Walkers  Dam  on  the  Chickahominy  River  also  employs  a  Denil  fishway,  and  another  is  under 
construction  at  Chandler's  Mill  Pond  Dam,  a  tributary  of  the  Rappahannock  Rh>er.  Below:  A  breach 
was  used  to  facilitate  fish  passage  at  Manchester  Dam  in  Richmond. 


Demi  J  is  h  way 


Flow 


Flow 


Denil  fishways  are  used  for  smaller  fish 
populations  where  river  flow  does  not  fluctuate 
dramatically.  Similar  to  a  vertical  slot,  the 
Denil  fishway  uses  a  series  of  V-shaped  baffles 
to  slow  water,  create  resting  pools  and  provide 
attraction  flow.  At  Harrison  Lake  Dam,  a 
Denil-sh/Ie  fish  ladder  was  completed  in 
January  1989  (left)  to  allow  river  herring  to 
migrate  up  Herring  Creek.  Illustration  by  Pels. 
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A  fish  elevator  similar  to  the  one  pictured  above 
was  installed  at  Emporia  Dam  on  the  Meherrin 
River.  American  shad  are  now  using  the  lift! 


the  James  River  all  the  way  to 
Lynchburg.  Design  populations  for 
the  spawning  habitat  above  the  dam 
are  1.2  million  American  shad  and 
13  million  river  herring  each  year. 
The  Bosher's  fishway  will  support 
the  expected  average  migration  for 
many  years  to  come. 

Denil  fishways  are  used  for 
smaller  fish  populations  and  where 


flow  does  not  fluctuate  as  dramati- 
cally. Denil  fishway  function  is  simi- 
lar to  that  of  a  vertical  slot.  A  series  of 
V-shaped  baffles  slow  water,  create 
resting  pools,  and  provide  attraction 
flow.  There  are  currently  two  Denil 
fishways  in  operation  in  Virginia: 
Harrison  Lake  Dam  on  Herring 
Creek,  and  Walkers  Dam  on  the 
Chickahominy  River.  A  Denil  fish- 


way is  under  construction  at  Chan- 
dler's Mill  Pond  Dam  on  a  tributary 
of  the  Rappahannock  River. 

High  dams  often  require  fish  lifts 
or  elevators.  Attraction  water  draws 
fish  into  a  pool  containing  a  hopper. 
A  crowder  gate  prevents  their  return 
downstream.  At  predetermined  in- 
tervals, the  hopper  rises  to  the  upper 
pool,  and  fish  swim  out  to  continue 
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Chandler's  Mill  Pond  Dam 


Embrey  Dam 
Ruffins  Mill  Pond  pond  Dam 


freaking  TA 
the  jtfamefc 


4*    Fish  migration  routes 
*   Dam  locations  scheduled  for  passage 


? 


Six  dams  are  currently  online  for  fish  passage  in  Virginia: 
Ashland  Mill  Dam,  Chandler's  Mill  Pond  Dam,  Embrey  Dam, 
Harvell  Dam,  and  Bosher's  Dam.  On  the  James  River,  six 
dams  are  now  passable  to  migrator}/  fish.  Map  graphics  by  Pels 


Ashland  Mill  Dam 


Harvell  Dam 
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rough 


Belle  Island  Dam  on  the  James  River  in  Richmond  opened  five  river  miles  to  migratory  fish 
through  two  natural  breaches. 


Williams  Dam  n\ 

BoshersDam — N     *  Richmond     Chickahominy 
'Ilk  Lake 

Belle  Island  Dam  ^     Manchester  Dam     I  ^Walkers  Dam 
Brown's  Island  Harrison  Lake 

Dam  _    0  n  Dam/  t. 

Lake  * 


Chesdin 


James  R^ 
arvell  Dam 

Battersea  Dam 


7  t" 


"<?/- 


—  Passable 

— •  Scheduled  for  passage 

—  Impassable 


James  River  Dams 
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Dam,  a  fish  elevator  was  installed  in 
1990,  reopening  approximately  49 
miles  of  spawning  habitat  on  the 
Meherrin  River.  American  shad  are 
now  using  the  lift  and  successfully 
spawning  above  the  dam! 

With  several  fishways  pianned, 
VDGIF  fisheries  biologists  and  the 
USFWS  are  trying  to  speed  restora- 
tion. Last  spring,  using  a  technique 
called  "trap  and  transport,"  about 
6,500  river  herring  (blueback  and 
alewife)  were  collected  by  elec- 
trofishing  at  Walkers  Dam  on  the 
Chickahominy  River.  Tank  trucks 
were  used  to  transport  ripe  fish  to 
suitable  spawning  habitat  far  up- 
stream of  dams  on  the  James  and 
Appomattox  Rivers. 

Almost  5,100  herring  were  stocked 
in  the  James  River  at  Maidens  Land- 
ing above  Bosher's  Dam,  and  about 
1,400  were  stocked  below  Brasfield 
Dam  on  the  Appomattox  River 
above  three  blockages.  The  result 
should  be  that  juvenile  fish  will  be  im- 
printed on  the  upstream  river  habitat, 
returning  after  3-5  years  of  living  in 
the  ocean  to  migrate  through  and  be- 
yond planned  fishways. 

When  a  blockage  is  made  pass- 
able, the  next  one  upstream  becomes 
targeted.  Six  dams  are  currently  on- 
line for  fish  passage: 

1 )  Bosher's  Dam  on  the  James  River 

2)  Ashland  Mill  Dam  on  the  South 
Anna  River 

3)  Ruffins  Mill  Pond  Dam  on  Mass- 
aponax  Creek 

4)  Chandler's  Mill  Pond  Dam  on 
Chandler's  Mill  Run 

5)  Harvell  Dam  on  the  Appomattox 
River 

6)  Embrey  Dam  on  the  Rappahan- 
nock River. 

To  date,  a  total  of  88.6  miles  of 
previously  blocked  spawning  habi- 
tat are  now  open  in  Virginia.  This 
total  includes  39.6  miles  of  Bay  tribu- 
taries and  49  miles  of  the  Meherrin 
River  which  is  part  of  the  Chowan 
River  drainage.  For  Bay  tributaries 
in  Virginia,  the  total  10-year  goal  is 
to  reopen  413  miles  of  anadromous 
fish  spawning  habitat. 

Each  fishway  is  a  milestone. 
However,  true  restoration  of 


Witli  several  fishways  on  the  drawing  hoard,  VDGIF  biologists  and  the  USFWS  are  trying  to  speed 
migratory  fish  restoration  with  a  "trap  and  transport"  operation.  Last  spring,  about  6,500  blueback 
herring  and  alewives  were  collected  by  electrofishing  at  Walkers  Dam  on  the  Chickahominy  River. 
Tank  trucks  transported  ripe  fish  to  suitable  spawning  habitat  far  upstream  of  dams  on  the  fames  and 
Appomattox  Rivers.  Hopefully,  juvenile  fish  will  be  imprinted  on  the  upstream  river  habitat  and 
return  after  3-5  years  of  living  in  the  ocean  to  migrate  through  and  beyond  planned  fishways. 


anadromous  fish  species  will  re- 
quire providing  fish  passage  at  all 
dams  that  impede  spawning  runs. 
Natural  fluctuations  in  fish  popula- 
tions create  the  need  to  provide  mi- 
grating fishes  with  access  to  as  much 
suitable  spawning  habitat  as  possi- 
ble. Fishways  provide  that  access. 


Action  is  needed  before  it  is  too  late. 
If  we  build  the  fishways,  they  will 
come!    □ 

Alan  Weaver  is  Virginia's  Fish  Passage 
Specialist  and  a  fisheries  biologist  for 
VDGIF. 
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IX 


llustration  by  Shaun  Reverie,  age  8 


9n  Conclusion . . . 


Our  efforts  at  anadromous 
fish  restoration  have  not 
been  easy.  Of  course,  it  is 
easy  to  believe  that  once  a  problem 
is  identified,  the  solutions  will 
miraculously  follow.  But,  like  any 
issue  involving  complex  natural 
systems,  the  solutions  are  never 
clearcut,  never  easy,  and  the  com- 
mitment and  faith  required  must  be 
nearly  heroic  to  achieve  success. 

It  is  the  same  with  anadromous 
fish  restoration.  We  are  still  strug- 


gling to  remove  the  barriers  which 
keep  our  fish  from  running  up  our 
rivers,  and  to  remove  the  barriers 
limiting  their  reproduction  and  sur- 
vival in  our  waters.  It  is,  as  always, 
an  upriver  battle  to  maintain  the 
support,  cooperation,  and  necessary 
funds  to  claim  a  complete  victory. 

Nevertheless,  there  are  many  of 
us  dedicated  to  this  project:  state  and 
federal  agencies,  universities,  grass- 
roots organizations,  businesses,  wa- 
termen, and  folks  who  love  to  fish. 


But,  we  could  always  use  another 
oar  in  the  water,  another  helping 
hand  to  bring  the  miracle  of  these 
magnificent  fish  back  to  our  waters. 
If  you'd  like  more  information  on 
the  anadromous  fish  restoration 
program  in  Virginia,  please  write  or 
call  the  Virginia  Department  of 
Game  and  Inland  Fisheries,  Anadro- 
mous Fish  Restoration  Program, 
12108  Washington  Highway,  Ash- 
land, VA  23005;  phone:  804/752- 
5503. 
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Photo 


By  Lynda  Richardson 


Your  Second  Magazine  Assignment: 
The  Results 


Congratulations  to  all  those  who 
entered  "Your  Second  Maga- 
zine Assignment"  (May  1994)  pho- 
tography contest!  We  had  a  total  of 
53  entries  submitted  by  14  people 
from  all  over  Virginia.  This  was 
nearly  double  the  entries  we  had  in 
last  year's  contest! 

As  mentioned  in  the  May  1994 
Photo  Tips,  I  wanted  Virginia  Wildlife 
readers  to  travel  around  the  state 


looking  for  reflections  as  seen  in  na- 
ture. Entries  would  be  judged  on  the 
photographers'  use  of  color  or  lack 
of  color,  use  of  light,  and  choice  of 
subject  matter.  So,  after  careful 
thought,  I  present  this  year's 
winners. 

First  place  goes  to  David  J. 
Hedges  of  Blacksburg  for  his  image 
titled  "Yellow  Reflections."  David 
explains  that  "this  is  a  closeup  of  ex- 
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tremely  small  dew  drops  and  their 
reflections  of  surrounding  Rud- 
beckia."  What  I  like  about  'Tellow 
Reflections"  is  the  mimicking 
quality  of  the  tiny  flowers  in  the 
droplet  and  the  "large"  flower  in 
the  background.  This  is  not  a  typi- 
cal reflection  photograph.  By 
choosing  to  place  one  yellow  flow- 
ered droplet  over  the  real  flower's 
brown  center,  David  was  able  to 
highlight  his  subject.  The  result  is 
a  brightly  colored,  well  composed, 
interesting  look  into  the  natural 
world  of  reflections.  Congratula- 
tions, David! 

Second  place  goes  to  Bryan  D. 
Parsons  of  Charlottesville.  His 
image  titled  "Reflected  Reeds" 
might  not  be  as  colorful  as  David's 
photograph,  but  it  is  a  great  exam- 
ple of  silhouettes  reflecting  in  a 
monochromatic  (one  color)  set- 
ting. Color  is  not  always  necessary 
for  beautiful  photographs.  Obvi- 
ously, Bryan  was  taken  by  the  in- 
teresting bends  and  lines  created 
by  the  backlit  reeds.  The  reflection 
actually  makes  the  reeds  look  like 
long  lines  drawn  on  a  bluish 
paper.  If  it  weren't  for  the  lily  pads 
in  the  background,  you  would 
think  that  this  photograph  was  a 
line  drawing  or  painting.  Good 
job,  Bryan! 

Third  place  goes  to  Kathie 
Menuet  of  Falls  Church  for  her 
slide  titled"Mirror  Image — 
Lilies/Trees."  Kathie's  scenic  look 
at  reflections  was  well  executed  in 
composition  and  use  of  subtle 
color.  Yellow  lilies,  the  path  along 
the  lake,  the  darkness  of  distant 
trees  reflected  in  the  water  all 
made  this  subtle  image  a  winner. 
Congratulations  Kathie! 

If  your  photograph  wasn't  cho- 
sen this  time,  please  don't  give  up. 

In  the  May  1995  Photo  Tips,  we 
will  announce  the  subject  for  our 
"Third  Magazine  Assignment." 
So  stay  tuned,  sharpen  up  your 
trigger  finger  and  give  us  your 
best  shot.      □ 
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By  Joan  Cone 


Yum,  Yum  Rabbit 


Wild  rabbits  are  tougher  by  far 
than  their  pen-raised  kinfolk. 
If  you  spent  all  day  avoiding  foxes, 
hawks  and  other  predators,  you 
would  be  more  muscular  too.  There- 
fore, wild  rabbits  and  hares  require 
steam  cooking  in  a  crockpot,  pres- 
sure cooker  or  Dutch  oven,  unless 
you  parboil  and  then  fry  as  in  the  fol- 
lowing recipe. 

Menu 

Hunters'  Favorite  Rabbit 

Barley  And  Mushroom  Pilaf 

Spiced  Honey  Carrots 

Pumpkin  Biscuits 

Cream  Puffs 

Hunters'  Favorite  Rabbit 

2  rabbits,  cut  in  serving  pieces 
1  teaspoon  salt 

1  clove  garlic 
Hour 

2  tablespoons  dry  mustard 

1  teaspoon  curry  powder 
lA  teaspoon  pepper 

2  tablespoons  olive  or  vegetable  oil 
1  cup  light  cream 

Boil  rabbit  pieces  in  water  with 
salt  and  garlic  until  almost  tender, 
about  1  hour.  Discard  water  and  dry 
rabbit  with  paper  towel.  Dust  rabbit 
with  mixture  of  flour,  dry  mustard, 
curry  powder  and  pepper.  Heat  oil 
in  a  large  skillet  and  fry  rabbit  until 
golden  brown.  Add  cream  and 
cover  skillet.  Simmer  until  tender,  45 
minutes  to  1  hour.  Serves  6. 

Barley  and  Mushroom  Pilaf 

3  tablespoons  butter  or  margarine 
1  Vi  cups  barley 

1  small  onion,  chopped 


2  cans  (4  ounces  each)  sliced 

mushrooms,  drained 
2V2  cups  chicken  broth 

Preheat  oven  to  350°.  Melt  butter 
in  a  large  skillet  over  medium  heat. 
Add  barley  and  saute  until  golden 
and  toasted,  6  to  8  minutes.  Add 
onion  and  cook  until  soft,  3  to  5  min- 
utes. Stir  in  mushrooms.  Transfer  to 
a  2-quart  baking  dish.  Add  chicken 
broth.  Cover  and  bake  until  all  liq- 
uid is  absorbed,  about  1  hour.  Serve 
hot.  Makes  4  to  6  servings. 

Spiced  Honey  Carrots 

1  package  (16  ounces)  peeled  baby 

carrots 
1  Vi  cups  boiling  water 
Vs  teaspoon  ground  cloves 
Vs  teaspoon  ground  cinnamon 
1  Vi  tablespoons  honey 

1  tablespoon  butter  or  margarine 
Grated  peel  and  juice  of  Vi  lemon 

In  covered  saucepan,  cook  carrots 
in  gently  boiling  water  with  spices 
until  just  tender,  about  8  to  10  min- 
utes; drain  well.  Add  remaining  in- 
gredients; heat.  Makes  4  servings. 

Pumpkin  Biscuits 

2  cups  biscuit  baking  mix 
%  cup  canned  pumpkin 
2  tablespoons  sugar 

2  tablespoons  milk 

1 V2  teaspoons  pumpkin  pie  spice 

Heat  oven  to  450  degrees.  Mix  all 
ingredients  until  soft  dough  forms; 
beat  vigorously  30  seconds.  Turn 
dough  onto  cloth-covered  board 
well  dusted  with  baking  mix.  Gently 
roll  in  baking  mix  to  coat;  shape  into 


ball.  Knead  10  times.  Roll  1/2-inch 
thick.  Cut  with  2-inch  biscuit  cutter 
floured  with  baking  mix.  Bake  on 
ungreased  cookie  sheet  until  light 
golden  brown,  8  to  10  minutes. 
Makes  about  12  biscuits. 

Cream  Puffs 

V\  cup  butter 

Vi  cup  boiling  water 

Vi  cup  bread  flour 

2  eggs,  beaten 

Preheat  oven  to  375°.  Add  butter 
to  water.  Heat  until  butter  melts. 
Add  flour  all  at  once  and  stir  vigor- 
ously until  ball  forms  in  center  of 
pan.  Remove  from  heat  and  let 
stand  5  minutes.  Add  eggs  1  at  a 
time,  beating  after  adding  each  egg. 
Mixture  should  be  very  stiff.  Shape  8 
large  puffs  on  a  buttered  cookie 
sheet  by  dropping  from  a  spoon  or 
using  a  pastry  bag  and  tube.  Bake  in 
a  375°  oven  until  puffs  are  free  from 
beads  of  moisture,  40  to  45  minutes. 
Fill  with  the  following  Cream  Fill- 
ing. Makes  8  large  cream  puffs. 

Cream  Filling 

3  tablespoons  flour 
Vi  cup  sugar 

Vs  teaspoon  salt 
1  cup  boiling  milk 
1  egg,  beaten 
1  teaspoon  butter 
V2  teaspoon  vanilla 

Mix  flour  with  sugar  and  salt;  add 
to  boiling  milk.  Cook  until  thick- 
ened, stirring  continually.  When 
cooked,  slowly  add  egg,  stirring  to 
prevent  over-cooking.  Add  butter 
and  vanilla.  When  cooled,  fill  cream 
puffs.  □ 


32 


VIRGINIA  WILDLIFE 


Habitat 


by  Nancy  Hugo 


Moss 


atisfying,  undemanding,  in- 
finitely interesting,  beautiful." 
The  list  of  moss  attributes  reads  like 
a  Sunday  paper  personal  ad,  but  the 
attribute  some  of  us  appreciate  most 
in  moss  is  this:  "Available  in  Jan- 
uary." While  there's  plenty  to  see  in 
the  January  woods,  not  much  rivals 
moss  for  beauty. 

One  January  morning  I  found  a 
thin  layer  of  pelleted  ice  glistening, 
jewel-like,  on  emerald  moss.  That 
spectacle  was  ephemeral,  but  moss 
itself  is  ubiquitous  and  easy  to  find. 
A  lover  of  moist,  shady  places  and 
bogs,  it  grows  on  trees,  rocks,  bare 
earth,  even  flower  pots.  You  can  find 
it  at  almost  any  altitude,  in 
any  season,  in  any  country. 

"Universal"  describes 
many  mosses'  distribution. 
Their  one  limiting  factor  is 
water — they  need  it  for  pho- 
tosynthesis and  for  reproduc- 
tion, because  their  sperm 
swim  to  egg  cells  on  droplets 
of  water. 

Speaking  of  sex  cells,  moss 
could  add  "scintillating  life 
cycle"  to  its  list  of  advertised 
assets.  Moss's  life  cycle  is  un- 
like any  other  in  nature,  t^/ 
a  i         i  •  •    •  Sundt 

Among  other  things,  it  is  pe- 
culiar to  mosses  that  the  con- 
spicuous part  of  the  plant — the  mat 
of  green  in  the  woods — is  haploid 
not  diploid.  Say  what?  Almost  every 
cell  in  the  bodies  of  most  organ- 
isms— including  the  human  body — 
has  a  full  complement  of  chromo- 
somes (they're  diploid);  only  egg 
and  sperm  cells  have  half  that  num- 
ber (they're  haploid).  But  every  cell 
in  the  conspicuous  part  of  a  moss 
plant  is  haploid  (like  an  egg  or 
sperm),  and  only  the  much  more  in- 
conspicuous stalk  and  spore  case 
that  rise  from  the  leafy  part  of  the 
plant  are  diploid  (like  body  cells). 


Not  only  that,  but  the  green  part  of 
the  plant  is  photosynthetic,  the 
spore  stalk  and  case  aren't,  so  you 
have,  in  essence,  the  sexually  ma- 
ture part  of  the  plant  being  rooted 
and  growing  in  the  pre-fertilized 
stage  of  its  parent.  Very  strange. 

According  to  Nina  Marshall's 
1907  classic,  A  Popular  Guide  to  the 
Identification  and  Study  of  Our  Com- 
mon Mosses  and  Lichens,  most  coun- 
ties have  about  a  hundred  species  of 
moss.  Although  they  are  among  the 
least  well-known  of  green  plants 
and  not  easy  to  identify,  we  can  rec- 
ognize some  of  their  identifying  fea- 
tures. Note,  for  example,  the  shape 
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of  the  spore  cases  and  the  heft, 
height,  and  orientation  of  the  hair- 
like stalks  that  hold  them.  Note  leaf 
shape  and  texture.  Also,  record 
where  you  find  mosses  and  how 
they  grow  because  these  are  keys  to 
identification.  Cord  mosses,  for  ex- 
ample, often  grow  in  campfire 
ashes. 

Although  nothing  looks  more 
laid-back  than  a  bed  of  moss,  mosses 
perform  important  work.  Like 
lichens,  they  are  soil  makers.  They 
can  break  down  rocks  chemically 
through  the  dissolving  action  of  a 


fluid  secreted  by  their  "roots"  (actu- 
ally rhizoids),  and  they  can  break 
rocks  down  mechanically  by  ex- 
ploiting tiny  cracks  and  fissures. 
They  can  even  gather  dust  from  the 
air,  which,  added  to  the  debris  of 
their  own  shed  plant  matter,  helps 
build  soil.  At  the  water's  edge, 
mosses  like  sphagnum  provide  a 
foothold  for  higher  plants,  and 
mosses  are  often  among  the  first 
plants  to  colonize  burned  over  areas 
or  road  cuts.  Because  they  can  retain 
great  quantities  of  water  and  help 
stabilize  soil,  they  help  control  ero- 
sion. 

Pioneers  used  mosses  to  fill  in 
holes  between  logs  in  log  cab- 
ins, and  in  some  places  moss  is 
still  mixed  with  clay  to  form  a 
useful  cement.  The  architects 
who  use  moss  most  extensive- 
ly, however,  are  birds.  Because 
it's  available,  soft,  and  can  be 
molded  so  effectively  with 
other  materials,  an  extraordi- 
^    nary  number  of  birds  use  moss 
*~*2k    either  to  line  their  nests  or  to 
fashion  part  of  the  exterior. 
kV  ]  *    Among  them  are  bald  eagles, 
red-tailed  hawks,  egrets,  gros- 
beaks, crows,  chickadees,  tit- 
mice, phoebes,  warblers,  jun- 
cos,  blue  jays,  wrens,  mocking- 
birds, vireos,  ovenbirds,  thrushes, 
and  yellowthroats.  Bears  reputedly 
use  mosses  in  their  bedding,  and  the 
Swedish  botanist  Linnaeus  praised 
moss  as  a  disease  and  flea-free  stuff- 
ing for  mattresses  and  pillows. 
Given  a  mud  puddle,  a  child  can 
make  entire  continents  of  moss,  and 
woodsmen  who  know  it  usually 
grows  on  the  shady,  north  side  of 
trees  use  it  as  a  compass. 

In  short,  moss  makes  a  great  Jan- 
uary companion  and  shouldn't  have 
to  ad  vertise  f or  a  ttention .  □ 
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here  are  not  many  times  when 
boaters  get  caught  in  fog,  but 
when  they  do  it  is  a  weird  and  eerie 
feeling,  as  though  they  are  alone  in 
the  world.  In  a  way,  it  is  unfortunate 
that  they  are  not;  because  it  is  poten- 
tially dangerous. 

When  a  boater,  underway,  cannot 
see  a  half-mile  ahead,  boat  speed 
should  be  reduced  to  an  idle,  a  speed 
which  barely  keeps  the  vessel  mov- 
ing. At  idle  speed,  the  operator  can 
hear  better  and  has  an  extra  margin 
of  safety  since  reaction  time  is  in- 
creased if  another  vessel  or  some 
other  obstacle  unexpectedly  looms 
up  in  front  of  the  boat. 

Even  at  very  slow  speed,  howev- 
er, incipient  hazards  may  be  hiding 
just  ahead.  If  the  visibility  is  radical- 
ly reduced  and  the  vessel  has  no  op- 
erating radar,  it  may  be  safer  to  an- 
chor until  things  improve.  Anchor- 
ing is  recommended  because  even 
drifting  might  result  in  trouble. 

In  conditions  of  reduced  visibili- 
ty, the  boat  operator's  ears  are  in- 
valuable. There  are  many  important 
sounds  which  are  guides  or  warn- 
ings. Boats  underway  (that  is,  mov- 
ing) in  those  conditions  are  required 
to  give  sound  signals.  The  signals 
are  required  by  all  vessels  not  in 
sight  of  each  other  when  navigating 
in  or  near  an  area  of  restricted  visi- 
bility. The  word  "hear"  is  used  be- 
cause one  vessel  may  be  in  clear  con- 
ditions while  another  could  sudden- 
ly emerge  from  a  nearby  fog  bank. 

A  power-driven  vessel  making 
way  through  the  water  must  sound 
one  prolonged  blast  at  intervals  of 
no  more  than  two  minutes.  A 
power-driven  vessel  underway  but 
stopped  and  making  no  way 
through  the  water  must  sound,  at  in- 
tervals of  not  more  than  two  min- 
utes, two  prolonged  blasts  in  succes- 
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sion  with  an  interval  of  about  2  sec- 
onds between  them.  A  vessel  not 
under  command,  a  vessel  restricted 
in  ability  to  maneuver,  a  sailing  ves- 
sel, a  vessel  engaged  in  trawling  or  a 
vessel  towing  or  pushing  another 
vessel,  must  sound  one  prolonged 
blast  followed  by  two  short  blasts  in 
succession,  every  two  minutes.  All 
vessels  at  anchor  must  ring  a  bell 
rapidly  for  about  5  seconds  at  inter- 
vals of  not  more  than  1  minute. 

It  is  helpful  for  a  small  boat  skip- 
per to  know  that  a  vessel  of  100  me- 
ters or  more  in  length  sounds  a  bell 
in  the  forepart  of  the  vessel  and,  im- 
mediately following  this,  sounds  a 
gong  in  the  after  part  of  the  vessel.  A 
vessel  at  anchor  may,  in  addition, 
sound  one  short,  one  prolonged  and 


at  anchor,  and  in  addition,  give  three 
separate  and  distinct  strokes  on  the 
bell  immediately  before  and  after 
the  rapid  ringing  of  the  bell.  A  vessel 
of  less  than  12  meters  in  length  is  not 
obliged  to  give  the  above  mentioned 
signals  but,  if  she  does  not  give 
them,  she  is  obliged  to  make  some 
other  efficient  sound  signal  at  inter- 
vals of  not  more  than  2  minutes. 

It  is  important  to  understand  the 
signals  which  are  used  when  visibil- 
ity is  restricted.  If  a  whistle  or  horn  is 
heard,  it  is  coming  from  a  vessel 
which  is  moving  or  about  to  move, 
but  if  a  bell  or  gong  is  heard,  it  is 
coming  from  a  stationary  boat. 

There  are  buoys  in  the  water 
which  have  bells,  gongs  or  whistles 
but  it  is  easy  to  distinguish  them 


Fog  can  be  dangerous  to  boaters.  Be  prepared  and  familiar  with  the  signals  used  when  visibility  is 
restricted. 

one  short  blast  in  succession  to  give  from  boats  because  the  frequency  of 

warning  to  an  approaching  vessel,  their  signals  is  determined  by  rock- 

of  her  position  and  of  the  possibility  ing  caused  by  wave  action  and  has 

of  collision.  A  vessel  aground  must  no  intervals  such  as  those  sounds 

give  the  bell  signal  given  by  a  vessel  prescribed  for  boats.  □ 
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VIRGINIA  WILDLIFE 


The  lives  of  over  100  other  species  of  Virginia's 
wildlife  are  in  jeopardy,  from  salamanders  to 
squirrels  to  many  of  our  brightly  colored  warblers 
and  sprightly  wrens.  You  an  help  them  this  year  by 
checking  off  a  donation  to  Virginia's  Nongame 
Wildlife  Program  on  your  state  income  tax  form. 

This  program,  which  is  supported  strictly  by  di- 
rect giving  and  tax-checkoff  donations,  was  devel- 
oped by  the  Virginia  Department  of  Game  and  Inland 
Fisheries  (VDGIF)  14  years  ago  in  an  effort  to  direct 
attention  to  the  alarming  decline  in  nongame  species 
throughout  the  state.  As  the  state  agenq-  responsible 
for  the  protection  and  conservation  of  all  fish  and 
wildlife  in  the  Commonwealth,  VDGIF  is  struggling  to 
keep  up  its  responsibilities  to  the  citizens  and  wildlife 
of  the  state  without  the  benefit  of  any  state  tax  dollars. 

Thus,  even-  dollar  from  you  counts!  With  the  goal 
of  maintaining  the  state's  priceless  natural  diversitj  in 
the  face  of  increasing  human-related  pressures  on  the 
land  and  our  other  natural  resources,  we  desperately 
need  to  fund  critical  research  and  management  for 
the  state's  severely  threatened  wildlife. 

It's  the  quality  of  life  in  Virginia  we  are  trying  to 
save,  not  only  for  us  humans  with  high  expectations 
and  bursting  populations,  but  also  for  those  who 
number  only  a  handful,  and  live  best  with  simply  the 
feathers  on  their  back  and  a  dry  perch  to  call  home. 

Please  check  off  a  donation  to  Virginia's 
Nongame  Fund  on  your  state  income  tax  form  today, 
or  send  your  tax-deductible  check  ( made  payable  to 
the  Treasurer  of  Virginia )  to:  Virginia  Nongame 
Wildlife  Fund— W,  Virginia  Department  of  Game 
and  Inland  Fisheries,  P.O.  Box  1 1 104.  Richmond,  VA 
23230-1104. 


$    Resource  Guide  Available  On  Virginia's 


Nongame  and  Endangered 
WILDLIFE -PROGRAM 


Endangered  Species 


Order  the  only  comprehensive  resource  guide  on 
Virginia's  Endangered  Species  for  $32.94  (soft- 
cover  i  or  $59.95  (hardcover).  This  6"5-page  guide 
identifies  and  describes  more  than  250  rare  and  en- 
dangered plants  and  animals  in  Virginia.  Produced  by 
the  Virginia  Department  of  Game  and  Inland  Fish- 
eries and  other  state  natural  resource  agencies,  this 
book  documents  the  latest  scientific  information  on 
Virginia's  endangered  species,  information  which  is 
available  in  no  other  publication,  anywhere. 


Send  your  check  plus  4.5  percent  sales  tax  and  $300 
ship  and  handling  charges  to:  McDonald  and  Wood- 
ward Publishing  Company,  P.O.  Box  10308,  Blacks- 
burg,  VA  24062-0308.  Phone:  ("03)  951-9465. 

To  order  a  Virginia's  Endangered  Species  poster 
featuring  the  cover  illustration  on  the  book  (left), 
please  send  a  check  for  $8  (made  payable  to:  Trea- 
surer of  Virginia)  to:  VA  Endangered  Species  Poster 
Offer,  VDGIF.  P.O.  Box  11104,  Richmond,  VA  23230- 

1104. 


